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TON WE, 


Y, 


Our Teach-In series is designed to provide you with a broad-based introduction to electronics. We have 
attempted to provide coverage of three of the most important electronics units that are currently studied in 
many schools and colleges in the UK. These include Edexcel BTEC Level 2 awards, as well as electronics 
units of the new Diploma in Engineering (also at Level 2). The series will also provide the more experienced 
reader with an opportunity to ‘brush up’ on specific topics with which he or she may be less familiar. 


Each part of our Teach-In serie 
Amaze. Learn will teach you 
you an opportunity to bai 
which will allow you 


N THIS instalme 

2011, we introduc: 

bined applicatioi 
and digital circuits in t! 
digital-to-analogue and 
to-digital converters (DA 
Learn we explore the circ. 
techniques used in DAC and 0 
Investigate extends this further wit 
a look at a popular DAC, 
available from several semiconduc 
tor manufacturers. 

Build \ooks at some further ap- 
plications of digital circuits using 
both combinational and sequential 
logic techniques. Finally, in Amaze 
we look at the way that very large 
numbers are handled in digital 
systems, 


which is 


rganised under five main headings; Learn, Check, Build, Investigate and 


Check wi 
2 elec 


will help you to check your understanding, and Build will give 
ironic circuits. Investigate will provide you with a challenge 


earning, and finally, Amaze will show you the ‘wow factor’! 


le 


in the real world exist 

in/off) and analogue 

iriable) forms, digital 

‘ey systems need to be able 

nd generate both types of 

i puts and outpuls respec- 

ly. Because of this, there is aneed 

for devices that can convert signals 

in analogue form to their equivalent 
in digital form, and vice versa. 

This chapter introduces digital- 

to-analogue and analogue-to-digital 

conversion, We shall begin by look- 


ing at the essential characteristics of 


analogue and digital signals and the 
principle of quantisation. 


In order to represent an analogue 
signal using digital codes, itis neces- 
sary lo approximate (or quantise) the 
signal into a set of discrete voltage 
levels, as shown in Fig.9.1 The six- 
teen quantisation levels fora simple 
analogue-to-digital converter using 
a four-bit binary code are shown in 
Fig.9.2. Note that, in order to accom- 
modate analogue signals that have 
both positive and negative polarity 
we have used the two's complement 
representation to indicate negative 
voltage levols. 

Thus, any voltage represented by a 
digital code in which the MSB (most 
significant bil) is logic 1 will be nega- 
live. Fig.9.3 shows how a typical 
analogue signal would be quantised 
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Investigate: 
look ata 


for cyanbac torer 


Muild looks at 


re. Constructional Proje 


points A, B, C and D on the 
PC boards 

With coloured winng in 
tha cable (black, red. blue and 
white), it’s not easy to gel it 
wrong! 

This downlink wining can be 
quite Jong - the prototype had 
20m between the two PC boards, 
and there didn't appear to be 
any lass of signal compared to a 
5m separation. If you need mare 
distance, give it a go- you have 


nothing (except signal) to lase. 


™1 PC board, code 813 (Ant Loop) 31mm x 

“1 PC board, code 814 (Rad me 58mm mre 
1 Weatherproof plastic box (eg Oatley HB4) 
130 x 54 = 83mm plastic box 

Au 8-pin IC socket 
Available (rom the EPE PCB Service 


Semlconductors 
: BASE dual op amp (IC1) 
'8L08 or 78L10 voltage regulator (REG1 
*2 KDV149 vancap diodes (D1, 02) 


Capacitors 
3 100yF 16V electrolytic 
5 15nF disc ceramic 


Resistors (0.25W 5%) 
1470k2 (code yellow pu: 
rple yellow gold) 
2 220k2 (code red red yellow gold) a 
A 47kO (code yellow purple orange gold) 
562 (code green blue black gold) 
1 47k2 linear potentiometer (and knob to suit) 


to pass the ca- 
lhrough tho o 


In use 

If possible, make a complete turn 
around the radio receiver with 
the output loop (remember, the 
radio must have a ferrite rod for 
this antenna to work). How do 
you know if it has a ferrite rod 
antenna’ If you can turn it on 
and it works without anything 
connected, it’sa pretty fairbettbat 
it has one. Virtually all small AM 
radios have a ferrite rod antenna 


inside 
Tune the mdio to the weak stabon 


Miscellaneous (not included in Oat 

ley Electronics kit 
Timber, screws and mounting hardware as required ! 
40m of 4-wire telephone cable or equivalent 


Loop and downlink wiring 
type +-wire tel phe 
vusethi 
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Readers’ Circuits 


Our regular round-up of readers’ own 


WIN A PICO PC-BASED OSCILLOSCOPE WORTH £799 
* 200MHz Analogue Bandwidth Dual Channel Storage Oscilloscope 

* Spectrum Analyser * Frequency Meter * Multimeter * USB Interface 

Ifyou have a novel circuit tdea which would be of use to other readers then a Pico Technology PC-based osoilloscop 
be yours. After every 20 published IU circuits, Pico Technology will be awarding a PicoScope 3 
for the best IU submission {n addition a PicoScope 2105 Handheld ‘Scope worth £199 will be presented 


RECENTLY purchased from EPE 

the Version 3 PICmicro MCU 

development board. Unfortunately, 
this unit comes without any inst- 
Tuctions, circuit diagram or even 
block diagram. As | wish to use this 
versatile looking piece of equipment to 
develop PIC circuits of my own design, 
I needed to ascertain where connectors 
and plugs and sockets were connected 
in the circuit. 

I have used the idea I am about to 
describe many times before in lash- 
up form, but felt that I ought to make 
this one as a completed unit. calibrated 
and mounted in a convenient box and 
having suitable probes | then realised 
that it could be of interest to other 
readers of EPE, hence this letter/IU. 


On track 

The requirement was to be able to 
trace printed circuit tracks between 
components, IC pins, and sockets, even 
while components populate the PCB, 
but without power being connected 
This probing should nol cause any 
junctions that are connected betw: 
the probes to turn ‘on’ and should 
show unambiguous connections, 
whilo possibly being able to measure 
track resistance al the same time. 

The finished circuit will allow the 
measurement of resistance, up to two 
hundred olims in my case. This figure 
could be changed if required, but for 
my intended use this is adequate. If a 
track reading is below tho calibrated 
set pot on the dial, an audible sound 
is heard. 


Circult details 

1 decided to use a low voltage of 
about 0.3V to power the probes, and 
a variable trip point on @ comparator 
fo sense the connections and its 
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digit 


resistance betwe 
The low volt 
resistor chain from t 
supply and also t 
glo 9V battery) with 
‘dropper’ diode, as 
from the circuit d 

As the circuit 
diode is a DC Whe 


he unknown 
PCB is prob 
the prob 


values of resist 
bridge detector is | 
loop) differential 
of which triggers 
output stage 

The circuit is pe 
9V battery. The lc 
derived fr the 
D1, a 1N4002 sil 
tapped down usin 
resistors in the upy 
the lower arms, w 
istor (pot.) sh 
as shown. The pri 


Fig 1. Circuit diagram for the PCB track probe 
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BEAM-BREAK FLASH TRIGGER w 
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Both parts of the project run froma 9V 
battery fitted inside the Detector unit's 
box. The total current drain is about 
15mA, which means that the battery 
should be either a set of six AA (1.5V) 
alkaline cells or a single high-energy 
9V lithium battery, A standard 9V zine- 
carbon or alkaline battery is not up to 


the job, as its life would be too short. 


Circuit details 

The complete circuit diagram for the 
Beam-Break Flash Trigger is shown in 
Fig.1. There's really not a great deal in 
either part of the circuit. In fact, the IR 
Source unit is nothing more than three 
IR LEDs connected in series, plus an 
8200 series resistor. This tor limits 
the current from the SV supply (and 
thus the current through the IR LEDs) 
to about 7,5mA 

Power is derived from the battery in 
the Detector unit via a cable fitted with 
4.3.5mm jack plug (CON1). This mates 
with CON2 on the detector unit. 

In the Detector unit, the IR beam 
from the Source unit normally falls on 
PD], an IR photodetector diode, This 
photodetoctor is connected between 
ground and the inverting input (pin 6) 
of op amp IC1b (an LMa58). 

Op amp ICtb is connected as ¢ 


current-to-voltage converter. Its pin 7 
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output sits somewhere between +1.7V 
and +4.0V when the IR beam is present, 
but rests close to +1,0V when no IR light 
is falling on PD1, This ‘dark’ output 
voltage of +1.0V is basically set by the 
voltage divider formed by the 22kQ. and 
KQ resistors. with the 220uF capaci- 
tor providing filtering. This is used to 
directly bias pin 5 of ICib and to bias 
pin 2 of [Cla via a 1k resistor. 

The output at pin 7 of ICtb is fed 
to the non-inverting input (pin 3) 
of (Cia, which is configured as a 
non-inverting amplifier with a valt- 
age gain of $71. Because of this very 
high gain, [C1a acts very much like 
a comparator. Its pin 1 output sils at 
over +8V when the [R beam is present, 
but falls to OV when there is no IR 
light falling on PD1 (ie, the IR beam 
is interrupted) 

IC1a’s output in turn drives the base 
ol transistor Q1 viaa 10kQ resistor Asa 
result, Q1 is turned on or off depending 
on whether the IR beam is present or 
not. When the IR beam ts present Q4 is 
on and when the beam is interrupted, 
Q1 turns off. 

LED4 and its series 1k resistor form 
the collector load ofQ1. This means that 
LED4 lights when QI ts on and turns 
off when Q1 is off. This allows LEDS to 
be used as a guide when lining-up the 


“= ee ad 


Fig.1; the infrared beam is generated by LED1 to LEDS and picked up by photodetector diode PD1. Op amp IC1b functions 
as a current-to-vollage converter, while [C1a is wired as a non-inverting amplifier. The latter drives transistor Q1 and 
MOSFET Q2 to briefly switch the trigger output when the IR beam is interrupted. 


Source's IR beam with PD1, as described 
previously. 


Switching the trigger output 
Because Q1 is switched on when the IR 
beam falls on PD1, its collector voltage 
is normally held down to about 0.4V. 
However, if the beam is interrupted, Q1 
turns off and its collector voltage rises 
to nearly +9V. 

This sudden voltage change is used 
to switch on Q2, a 2N7000 MOSFET. 
which is used as an outpul switch across 
triggering output CON3. As shown, a 
10nF coupling capacitorand Q2's 10k 
gate resistor farm a simple differentiat- 
ing circuit This results in Q2 being 
switched on only briefly when Q1’s 
collector voltage rises when the beaniis 
interrupted. The 1002 resistor in series 
with the coupling capacitor is there to 
suppress any possible oscillation dur- 
ing switch-on or switch-off 

That's about it, apart fom power 
switch Si and the 470nF and 100nF 
capacitors, which decouple the supply 
rail voltage to keep it constant, The cur 
rent drain of the detector circuit varies 
between about 7 5mA when the IR beam 
is present and 1.5mA when il is inter 
rupted, so the total battery drain for both 
sections varies between 15mA (beam 
present) and 9mA (beam interrupted). 
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1A Source Unit 

™ PC board, code 808, size 
57mm * 26mm 

1 UB5-size box 82mm x 53mm 
x 3imm 

46mm long untapped spacers 

4 M3 * 12mm screws, counter- 
sink head 

4 M3 hex nuts 

1 nylon cable te 75mm long 

1 2m length of figure-8 cable 

135mm mono jack plug, cable 
type (CON1) 

3 5mm IR LEDs (LED1 to LEDS) 

1 8208 resistor 


Detector Unit 

“1 PC board code 809 size 
122mm » SBrm 

1 UBS-size box, 129mm « 68mm 
» 44mm 

1 SPDT mini toggis switch (S1) 

1 PC-mount 3.Smm stereo jack 
socket (CON2) 

{ PC-mount 2 5mm concentric 
power plug (CONS) 

4 M3 x 15mm tapped spacers 

8 M3 « 6mm machine screws 
pan head 

2 imm PC board terminal pins 

1 9V battery chp lead 

1 6-pin DIL IC socket 

1 30mm lengin 2mm to 
15min dlarneter black PVC 
conduit ass tubng 

1 piece of IF-transparent red 
film, approx 16rwn square 

1 OV Dallery snap © ctor OF 
1 x 4-way AA cell holder plus 
1 x 2-way AA cell holder 


Semiconductors 

1 LM3S8 dual op amp 

1 BC338 NPN transistor (01) 

1 2NT000 MV.channe MOSFET (Q2) 

+ 1A photodetector (P01) 
(Jaycar ZD- 1948 or sinter) 

1 Simm green LED (LED) 


Capacitors 

1 470pF 16V rachal elect 

1 220uF 16 radial elect 

t 100nF metaiised potyester 
1 10nF metatiieed potyester 


Resistors (0.25W 1%) 
1 470K02 127 
1 220m) 2 thn 
2 22m) 1 1000) 
2 tOkn 


* Avalable a5 a pair form the 
PEPE POR Serwoe 


The IR Source board carries the 
current-limiling vesistor. It’ 


Construction 


You can from t f 


4-Gand Code (1S) 


three infrared LEDs (LEDs1-3) plus an 6202 
s mounted inside » UBS case on 6mm untapped 
spacers and derives its power from the Detector unit. 


... and a cheap ‘Slim Jim’ antenna to make " 


A DIY ‘Slim JIM’ 
One of the most appealing anten- 
nas for such work is the so called 
‘Slim Jim’ (an acronym for ‘J- type 
Integrated Match’) — invented in 
1978 by the late Fred Judd, G2BCX. 
Any parallel conductors could 
be used (some diehards swear by 
HO-scale model train track!), but 
such an antenna can be quickly 
and cheaply made from a length 
of 3002 impedance TV ribbon. 
This is becoming rather difficult 
to al having largely given way 


eart side only can be 


wee to etm Dew 
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A‘Slim Jim’ antenna for 


* 
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+ 162MHz made from a length 
ee of 3002 TV ribbon cable, 
aarnks aA Fi This would best be placed 
betes inside a length of 


plastic conduit and 
mounted outside, 
as high as possible 
and away from 
metal (such as a 
mast or roof). 


Apart from putting it insice a suitable length of 
Jm) with a plug oo the top end (he 
1d bo filled with silicone sealant to stop insects 
spiders calling the Slin fio heoue), your antenna | 
te and ready for ase 
Slim Jim low angie performance = ; 
best handles signals reostwed 
ground = forget it for neerowerhead eiperaft : 
Unless you ne tracking boats (ur livean 

Vowels ano ruttucretly goings to 
Slim Jim AIS reception out fo 2m {ake} ec 
expected whee the antenna is well f 
betog halsted up a tree (inside-e coadtutt) witha 


ponhaed by acrangvanat raamanapsanty sin 
hagpertne 20914 
wwe sl onchip comes 
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